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KEYWORDS Summary Background: We aimed to investigate whether disruption of the circadian rhythm
Anorectal motility; in rotating shift work (RSW) workers would change anorectal motility and cardiac autonomic
Heart rate variability; function. We also determined whether sleep and psychological status (e.g., anxiety and
Shift work; depression) would affect anorectal motility in RSW workers.

Sleep Methods: Sixteen RSW workers and 11 control individuals were involved in the study. All study

participants underwent anorectal manometry and spectral analysis of heart rate variability. All
participants completed three questionnaires: the Pittsburgh Sleep Quality Index (PSQl), the
State-Trait Anxiety Inventory (STAI) questionnaire, and the Taiwanese Depression Question-
naire (TDQ).

Results: The RSW workers had a lower threshold volume for maximal urge (p = 0.006) and
greater rectal compliance (p = 0.02), compared to the controls. The RSW workers had a
greater PSQI score (p = 0.002) and TDQ score (p = 0.003), compared to the controls. The
RSW workers had a significantly increased low-frequency power percentage (LF%), compared
to the controls (p = 0.03). The RSW workers had a significant correlation between the resting
anal sphincter pressure and high-frequency power percentage (HF%; r = —0.62, p = 0.01), and
between the R-R interval and the threshold for maximal urge (r = 0.51, p = 0.04). The PSQl
score was significantly correlated with the threshold volume for urge (r = 0.55, p = 0.03) and
for compliance (r = 0.51, p = 0.04) in the RSW workers.
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Conclusion: Rotating shift workers have anorectal dysmotility and cardiac sympathetic hyper-
activity. Anorectal dysmotility in RSW workers has a close relationship with cardiac autonomic
dysfunction, sleep disturbance, and depression, but not with anxiety.

Copyright © 2015, The Gastroenterological Society of Taiwan, The Digestive Endoscopy Society
of Taiwan and Taiwan Association for the Study of the Liver. Published by Elsevier Taiwan LLC.
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Introduction

Disruption of the circadian rhythm in rotating shift work
(RSW) workers has an impact on physical and mental health
[1]. There is increasing evidence that RSW can lead to a
variety of gastrointestinal symptoms [2], and possibly result
in functional bowel disorders [3]. The effect of RSW on
gastrointestinal disturbances is significantly associated with
the type and duration of shift work [3,4]; the effect is
particularly more severe in people on RSW than other types
of shifts [3]. Furthermore, the effect of shift work on
gastrointestinal symptoms is associated with sleep distur-
bances and psychological disorders, which suggests that
poor sleep may deteriorate these shift work-induced
symptoms [5,6]. However, other studies have demon-
strated that the association between irritable bowel syn-
drome and RSW is independent of sleep disturbance [3].
Spectral analysis of heart rate variability (HRV) is a so-
phisticated and noninvasive tool for the identification of
autonomic nervous system (ANS) control of the heart. Heart
rate variability can be categorized into a high-frequency
power component (HF; 0.15—0.40 Hz) and a low-frequency
power component (LF; 0.04—0.15 Hz) [7]. The HF compo-
nent and R-R interval are equivalent to respiratory sinus
arrhythmia and are regarded as the vagal control of heart
rate; the sympathetic and parasympathetic nerves jointly
contribute to LF [8]. The low-frequency power percentage
(LF%), high-frequency power percentage (HF%), and the
ratio of LF to HF (LF/HF) may reflect sympathovagal bal-
ance, whereas LF% and LF/HF also represent sympathetic
modulation [9,10]. The physiological explanation for very-
low-frequency power (VLF) is less defined [7]. The vari-
ance in the HRV represents the parasympathetic effect
[11]. Spectral analysis of HRV has shown reliable repro-
ducibility in physiological and pathophysiological studies on
cardiac autonomic function [12—14]. An earlier study with
HRV has shown that shift work is associated with sympa-
thetic hyperactivity [15]. A further study shows that the
presence of sympathetic hyperactivity occurs more in
people working permanently on night shifts [16]. In addi-
tion, we have previously demonstrated that the application
of HRV can represent the autonomic control of gastroin-
testinal functions [17]. The 5-minute HRV has been widely
utilized in our previous studies, and is adequate for rep-
resenting ANS function in clinical studies [12,13,18,19]. By
applying anorectal manometry, we have previously
demonstrated that rectal compliance was correlated
significantly with poor sleep, as determined by the Pitts-
burgh Sleep Quality Index (PSQI) score, which suggests that
poor sleep may predispose previously healthy individuals to

constipation [13,20,21]. In this study, we aimed to test the
hypothesis that the disruption of the circadian rhythm by
RSW would affect anorectal motility and cardiac autonomic
function. We also investigated whether sleep and psycho-
logical statuses (i.e., anxiety and depression) would pre-
dispose an individual to altered anorectal motility relevant
to RSW.

Methods

Participants

All study participants provided written informed consent
and were interviewed about their work status, general
health, and gastrointestinal symptoms before the study.
Sixteen RSW workers and 11 control study participants who
only worked days participated in this study. The definition
of RSW was judged and qualified on the work with rotation
between day shift and night shift for at least 3 rotating
nights/mo [22]. No study participant had any history of an
underlying medical condition, previous gastrointestinal
surgery, gastrointestinal symptoms, or clinical conditions
that affected HRV. Individuals with poor communication or
impaired hearing were excluded. All individuals were
enrolled from a community and/or university population by
public advertisement. The study protocol was reviewed and
approved by the research ethics committee of Buddhist Tzu
Chi General Hospital (Hualien, Taiwan). The study recruit-
ment period was between January 2012 and August 2012.

Anorectal manometry

All study participants were instructed to evacuate the
rectum and received a Fleet’s enema before the test. The
probe was a 4.5-mm diameter, solid state catheter with
multiple pressure transducers (Sandhill Scientific, Inc.,
Highlands Ranch, CO, USA) and a lumen for balloon infla-
tion. A 5-cm balloon was tied to the distal end of the
catheter. The lubricated catheter was introduced into the
rectum as the study participants lay on their left side with
their hips and knees flexed to 90°. The average resting and
squeeze pressures (i.e., maximum and sustained) were
recorded by the stationary pull-through technique. The
threshold volume for rectoanal inhibitory reflexes (RAIR)
was assessed by distending the rectal balloon in progressive
10-mL decrements, starting at 60 mL, until anal sphincter
relaxation occurred at a lower volume of distension. Rectal
sensation was evaluated using a rectal balloon inflated at
an interval of 10 mL until the individual reported the first
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